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THE L I B R A R Y  C O M M U K I T Y  is examining with 
great interest the claims which technologists are making about the 
ability of their contrivances to alleviate current library problems, The 
rapid rate of build-up in recorded information makes it imperative 
to give recognition to any device or system that may help to reduce 
library operational costs, curtail capital investments, or assist in pro- 
viding more effective library services, The relevant technologies center 
on the digital computer and its associated input/output equipment, on 
wideband and narrowband communication including wire and wire- 
less communication, and on microphotography. At least in principle, 
exploitation of these technologies should enhance the effectiveness of 
the library as an information tranfer center because of their power 
as information transfer mechanisms and their ability to streamline li-
brary business management, 
The effectiveness of any technological innovation which may be 
introduced into the information transfer side of library operations will 
ultimately be determined by the response of the library-user com-
munity to the innovation. The user-community yardstick of accept- 
ability includes scales of cost effectiveness, information-retrieval effec- 
tiveness and personal convenience. Thus in the design of hardware 
for library services, full recognition of the characteristics and require- 
ments of the consumer of the services must be given. 
The issue of how a digital computer should be organized for the 
library environment is a t  present unresolved. The options are several. 
One may choose, for example, to employ separate machines for busi- 
ness operations and information retrieval. Alternatively, a single gen- 
eral purpose machine, capable of handling both functions can be 
specified. Each approach brings forth pro and con arguments. The 
dual machine configuration is obviously the more expensive, particu- 
J. Francis Reintjes is Professor of Electrical Engineering, Massachusetts Institute 
of Technology, Cambridge. 
APRIL, 1970 5031 
J .  F R A N C I S  R E I N T J E S  
larly if each machine remains idle for an appreciable part of each day. 
Nevertheless this approach may be necessary in order to avoid user 
dissatisfaction with the information-retrieval capabilities of the ma- 
chine-oriented library system. Should use of the computer for business 
management induce prolonged delays in the execution of requests for 
information retrieval, the user community may easily become dis- 
enchanted with the whole computer-oriented operation. Nevertheless, 
a single computer for both information retrieval and for library busi- 
ness management is attractive if management operations can be per- 
formed at times which do not degrade the quality of service rendered 
to the library user. 
New possibilities for computer architecture for library systems have 
been opened through the advent of large public utility-type computing 
machines which feature time-sharing of the facility among many users 
who may wish to engage it simultaneously and a capability which al-
lows each user to carry on a dialog with the machine as he negotiates 
for stored information. In  computer parlance this latter capability is 
dubbed on-line interaction between user and machine, 
On-line interactive computer systems have exciting implications for 
information transfer. Inherent in these systems is the ability to engage 
them from terminals located remotely from the machine. The con- 
venience of remote engagement directly by the person seeking infor- 
mation and his ability to negotiate back and forth with the machine in 
real-time as he zeroes in on precisely the piece of information being 
sought, make this type of computer configuration a most attractive 
item of equipment for the library of the future. 
Let us therefore examine the on-line interactive machine in more 
detail. We are at present only on the threshold of the on-line inter- 
active computing machine era. Although many such machines are in 
operation, they have been designed for a variety of purposes and with 
a broad range of performance capabilities; none have been tailored 
specifically to library applications. For information retrieval, the ma- 
chines work this way: the data base, formatted in accordance with a 
plan developed by librarians and computer programmers, is located 
in a secondary storage device of the computer. Typically the data base 
consists of a catalog of information about the documents being held 
in a collection. (The problem of storing full text in a computer is 
discussed below.) The storage device may consist of a set of magnetic 
disks which looks very much like a stack of phonograph records, or 
other forms of magnetic storage such as magnetic drums or magnetic 
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cdrds, Also stored in the machine is a set of computer programs which 
wnx to ietrieve the stored information when the programs are used 
in accordance with prescribed rille?. Since time-sharing computers 
c m  accommodate the computational or data processing requirements 
of 3 heteroqeneous community of users, one may also expect to find 
stored in such a mdchine, in addition to the library data base and re- 
trieial programs, a wide variety of other types of coniputer programs 
totally unrelated to the library function. Finally, there is also stored 
in the machine a set of executive, or control, programs which serves to 
manage the flow of information throughout the syc;tem. 
Jn order to engage the time-sharing coniputer. the user operates 
one of two types of comoles: either a typewriter console which is very 
similar in physical appearance to an ordinary typewriter, or a cathode 
ray ttibe (CRT) C O X ~ S O ~ Cconsisting of a typewriter keyboard for in- 
putting information and a television-like cathode ray tube for display- 
ing output information. Examples of these consoles are illustrated in 
Figiirm 1, 2 and 3. Great care is taken in the programming of these 
machines to make it easy for the user to express his commands, and 
an important feature of the programming is that it permits the user to 
interrupt his program and to alter his procedure as he progresses to-
Figure 1. Example of a Typewriter Console 
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Figure 2. Example of a Storage-Tube Display Terminal (Courtesy Corn-
puter Displays Inc.) 
ward his end objective. Thus, the user, in effect, carries on a dialog 
with the machine and works along with it as he solves his problem 
in an ad hoc manner. The power of the on-line interactive feature is 
that it enables user behavior to be dynamic; a user is able to make 
decisions on the basis of partial results and to plan his strategy for 
information retrieval as he goes along, The power of the time-sharing 
feature is that many users can engage the machine simultaneously 
without serious degradation in machine performance, While one user 
is thinking about his next step, the machine is actively serving another. 
Central to the time-sharing computer concept is the fact that while 
one user is pursuing his problem at his console, many other users are 
pursuing theirs at  other consoles. Each user is served in turn for short 
periods of time; the frequency with which the machine returns to 
an individual user depends on the number of users engaging the ma- 
chine and the complexity of their problems. Herein lies one of several 
unresolved issues with respect to these machines in the library appli- 
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cation. Granted that on-line interactive machines are ideal for infor- 
mation look-up purposes, it is still unclear at this point in time that 
they can be designed to provide prompt, efficient service for the total 
community served by a library. To date these machines are essentially 
untested in the true library environment, although some experimental 
results are available and experimentation is still underway. For the 
next four to six years, it appears the answer to this question will be 
influenced by the following interrelated factors: 
1) the quantity of information that is stored in the computer. 
This factor is, in turn, related to the size of the operational library 
involved; 
2 )  the size of the on-line user community, including the library 
user community and all others; 
3 )  the manner in which the data base is formatted and the 
character of retrieval programs that are provided for accessing the 
data base; and 
4 )  the hardware and software organization of the on-line time- 
sharing system itself. 
At present it is possible to maintain lo8 to lo9 English words in stor- 
age, and this number is growing. Let us assume we wish to computer- 
store a catalog for a library containing 1oj volumes, that we wish to 
devote lo2 words to a description of each catalog entry, and that we 
wish to have both subject and author as access points. The total num- 
ber of words in such a catalog is imprecise, since it depends upon the 
detail and depth of subject indexing. However, it is evident that a 
storage capacity of lo8 words is ample, and that with careful file 
organization, space for growth will be available. 
As a means of providing an improved catalog look-up system, one 
would like to think in terms of an expanded catalog in which individ- 
ual articles of each issue of professional journals are indexed and in- 
dexed in depth, It is conceivable that a catalog of this type for our hold- 
ings of lo5 volumes would demand a severalfold increase in storage 
capacity and thus would be taxing current storage technology to its up- 
per limit. Storage capacity would then be an especially crucial matter 
if these computer facilities had to be shared with other users whose 
interests were unrelated to the library application. 
Although most computers would be overtaxed under the above 
circumstances, the technology for building larger machines exists. For 
example, at the Atomic Energy Commission facility at Livermore, 
California, enough computer storage capacity is available to accom-
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modate the alphanumeric content of approximately lo5 books of 300 
pages each. This storage capacity amounts to approximately 1.5x lo1* 
bits. 
The size and composition of the time-sharing user community is 
certainly a factor in the determination of the effectiveness of these 
machines in a library environment. Machines that can accommodate 
thirty to forty users simultaneously are now operating and others are 
being developed which will accommodate many more. However, as 
the user population on a machine increases, its-response time to com- 
mands becomes more sluggish. The quality of service thus becomes 
marginal and user discontent is engendered; therefore, one can set 
forth a case for a computer which is dedicated exclusively to library 
applications. I t  appears that when one takes into account the storage 
and processing requirements for the information-retrieval and business 
administration sides of a computerized library, and the size of the 
associated library-user community, machines which are uniquely con- 
figured for library operations and reserved solely for library use may 
be in order. 
The conventional devices for engaging on-line interactive com-
puters are typewriter and cathode ray tube (CRT)  consoles. In both, 
commands to the computer are placed by the operator through a 
typewriter-like keyboard; output information is obtained as a typewrit- 
ten (hard) copy in the former device and as a television-like (transient 
or soft copy) display in the latter. Cathode ray tube displays write 
at  a speed which is at least ten times the 100 words per minute rate 
of typewriter consoles and are therefore more desirable for man-
machine dialog. I t  should be noted that a writing speed of 100 words 
per minute is below normal reading speed and hence imposes a drag 
on the reader. Hard copy output is inherent in typewriter consoles, 
whereas extra facilities in the form of either a high speed off-line 
printer or a separate dedicated display for hard copy purposes only 
must be provided when CRT consoles are employed. The need to 
have at least part of the output information ultimately available in 
hard copy form is universally accepted. The permanency and trans- 
portability of a written record make it mandatory to disseminate in- 
formation in this form. 
Although the superior writing rate of CRT displays gives them a 
clear advantage in an on-line interactive mode oiler typewriter con-
soles, several of their other attributes are controversial. Factors such 
as flicker, display brightness, crispness of characters, and character size 
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necessitate a variety of technical trade-offs in the design of these dis- 
plays, with the result that they are not usually optimized with respect 
to all these factors. In addition, many designers resort to CRTs with 
a green phosphor as the electroluminescent screen material because 
of its high brightness. It is thought by some that the library-user com- 
munity will find the greenish characters to be sufficiently annoying 
because of their strangeness to render CRT displays unacceptable. 
The alternative, a black-white, TV-type presentation is regarded by 
others as being too harsh and taxing on the eyesight to make it ac- 
ceptable under conditions of sustained close-up usage. 
Still others are skeptical of both classes of consoles because request- 
ing information through a typewriter is considered to be unnatural. 
Time will take care of this matter handily, however. Typing skill 
among the young generation is widespread, and opportunities to use 
computers and typewriter consoles are increasing, not only in high 
schools, but in many elementary schools. 
To be fully effective in library applications, consoles should incor- 
porate certain design features which may not be necessary in other 
situations. I t  is generally agreed that the number of characters which 
a library console is capable of generating should exceed the standard 
ninety-six characters specified by the American Standard Code for 
Information Interchange (ASCII) set but it is difficult to get agree-
ment on the exact number. The ASCII set, which includes upper- 
and lower-case Roman alphabet, Arabic numerals, and selected punc- 
tuation marks and symbols, should be supplemented by the Greek 
and Cyrillic alphabets (certainly the former ), and additional symbols 
which are commonly employed in the literature of the mathematical 
and life sciences. When all reasonable possibilities are included, the 
number ranges from a minimum of two hundred to seven or eight 
hundred. Obviously the latter figure adds substantially to console costs. 
Related to the size of the character-set is the size of the console 
keyboard. In addition to keys for ordering the character-set, one would 
like to include certain special purpose keys which can be struck in 
order to implement certain commonly used commands. Keys that initi- 
ate operations such as TRANSMIT FULL TEXT, TYPE AS SUPER-
SCRIPT (or  SUBSCRIPT), and DELETE, avoid the need to spell 
out the command and thus simplify procedures. However, keyboard 
design involves a trade-off. Too few keys add to typing time; too 
many pose problems akin to those of a grand organ in that the key- 
board becomes more difficult to master. 
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Still another consideration in console design for the library is the 
human factor. If library consoles are to be used by a substantial seg- 
ment of a community, they must be adaptable to a variety of personal 
requirements. During sustained use of the console, the operator must 
feel comfortable and at ease at his station, The viewing screen should 
be adjustable to his eyesight characteristics, table space should be 
provided for writing and note taking, and the surrounding environ- 
ment, including ambient lighting, should be conducive to easy reading 
of the material being displayed. 
Figure 3. A Refreshed CRT Display Terminal 
Figure 3 illustrates an experimental console being developed ex-
clusively for library purposes by Project Intrex." Its design has been 
made highly flexible so that user reactions can be observed as its 
special features are altered. The salient characteristics of the console 
are: a set of 192 characters; an ability to display a maximum of 1,736 
* Intrex, standing for Information Transfer Experiments, is a research project in 
library information transfer currently being conducted at  the Massachusetts Insti- 
tute of Technology, Cambridge, Massachusetts. 
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characters at a time; an ability to write superscripts and subscripts; 
a refreshment rate of the cathode ray tube display of fifty-seven 
frames per second in order to avoid annoying flicker; a set of status 
lights on the keyboard to advise the operator on the current progress 
of his requests; a set of wired function switches to enable the opera- 
tor to move quickly back and forth among several display frames of 
information; a set of programmable logical function switches beneath 
the CRT display to apprise the operator of the choice of procedures 
currently open to him (the labels for these switches appear on the 
CRT directly above the switches); a sixty-key keyboard; and an 
operator’s desk which includes writing and storage space, and facili- 
ties for raising, lowering, and tilting the viewing screen, It is expected 
that much insight into library console requirements will be gained 
from the reactions of users to this experimental console. 
Substantial progress is being made toward storage of full text in 
microfilm form and an ability to retrieve the full text thus stored 
through commands executed from computer consoles. In the foresee- 
able future it appears that the full text of documents will have to be 
stored outside the computer rather than in storage devices associated 
with the computer. The combined information content of alphanu- 
meric (letters and numbers) and pictorial text is too great to be 
handled by the types of computer storage devices that will probably 
be coming into service during the next five or so years. During this 
interval we must, therefore, look to non-computer techniques to solve 
current full-text storage problems. 
I t  is generally agreed that there are currently problems in full-text 
access within the conventional library. I t  is mandatory that we find 
ways to reduce the sheer bulk of material that libraries must handle. 
In other words, information must be compressed into a smaller volume. 
Another problem is related to information retrieval itself. As the vol- 
ume of materials that must be scanned or studied for relevancy 
increases, rapid accessibility to these materials becomes increasingly 
important. Furthermore, in a machine-oriented library, full text should 
be readily available at or near the consoles used to interro, @ate com- 
puter-stored catalogs. Thus, the requirement for high-density storage 
imposes a need for a medium which provides more compactness than 
does the printed page; the rapid accessibility feature implies a non- 
circulating store of full text; and the console-availability feature dic- 
tates either electrical transmission of text or duplication of full text 
storage facilities at each console. 
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In  their attempts to meet these requirements, technologists turn to 
storage media which involve either magnetics or some form of optics, 
and in both of these, they may store information in either image or 
digitally encoded forms. Image storage means that letters, numbers, 
drawings and pictures are preserved as variations in the density of 
the storage medium, whereas digital storage implies that all informa- 
tion is stored as patterns of coded signals. In digital storage the pat- 
terns are usually constructed in accordance with the binary number 
system-that is, as patterns of signals having amplitudes of either 
zero or one unit. No matter which form of storage is used, the storage 
medium must meet rigid requirements of long life, minimum deteriora- 
tion with age, durability in the face of repeated handling, and reason- 
able cost. 
Magnetic storage may be accomplished through use of tapes, disks, 
wires, drums or cards upon which a magnetic material has been 
bonded, and each of these forms may be used to store information 
independently of an associated computer. Optical storage involves 
either traditional photographic storage or holography. The latter tech- 
nique, although still in the research stage, offers excellent promise 
as a mass-storage device if it can be reduced to practice. 
It is insufficient to evaluate each of these storage media by them- 
selves; they must be considered together with the equipment used for 
displaying the stored information to the user. Ideally, display equip- 
ment should reconstruct the text, including drawings and photographs, 
with the same degree of resolution and contrast as provided by a 
printed paper copy. At present, only photographic processes can meet 
the combined requirements of high resolution and contrast, low cost, 
rapid reproduction and permanent hard copy, and these requirements 
are easily met only through the use of wet photographic processes. 
Electronic video recording and playback offers an interesting possibil- 
ity for information storage and retrieval but, unfortunately this tech- 
nique does not meet the total requirements set forth above for the 
library application. In  addition to short life and questionable dur- 
ability, magnetic tape recording equipment presently fails to meet 
the resolution requirement for high quality reproduction of pictorial 
images. Experiments have shown that text which is reconstructed on 
a line-by-line basis (that is, by line-scanning the original) should con- 
tain at least 1,OOO line pairs per page, minimum, and preferably 1,500 
line pairs per page. A line pair consists of a single full-density line 
followed by a single minimum-density line. The 1,500 line-pair require- 
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ment is mandatory when the original quality of text is poor or when 
very small type-size has been used for the subscripts and superscripts 
frequently found in texts dealing with mathematics and physical 
sciences. These figures correspond to a resolution requirement of 100 
and 150 line pairs per inch for a ten-inch page, or approximately four 
and six line pairs per millimeter. For comparison, the upper limit of 
resolution of photographic film is in excess of 400 line pairs per milli- 
meter. 
Microphotography as a means of reducing storage space for library 
materials is thoroughly developed and has been for many years. How- 
ever, its general acceptance has been slow to come, apparently for 
three reasons: lack of standardization on the reduction factor and 
physical form of the microfilm, dissatisfaction of users with microfilm 
viewers, and inadequate microfilm-to-hard copy printers. Very little 
progress is evident on standardization but some progress is appearing 
in the realm of microfilm readers and printers. Nevertheless there re- 
mains serious doubt whether the readership as a whole will ever sub- 
scribe with enthusiasm to the inherent constraints imposed on it by 
microfilm viewers. The superior reading comfort, flexibility and trans- 
portability of the full-size printed page places it in a preferred posi- 
tion. On the other hand, in the face of a cost of five cents to ten cents 
per page for hard copy, readers are likely to resort to a "first look" 
at film for decision-making, and then selectively move to hard copy 
for material of their choice. The lightweight, transportable, attach6 
case-size microfilm viewer that provides high quality images which 
can be comfortably viewed under sustained reading conditions without 
inducing eye strain, remains to be developed. 
The central issue on microfilm-to-hard copy printers centers on the 
degree to which the gray-level content of photographic illustrations 
must be produced, Obviously, the value of fine grain gray-level infor- 
mation in pictorial material depends on the importance of the role 
pictures play in each document. Where two-level black-white repro- 
duction - is adequate, microfilm-to-hard copy printers which employ 
electrostatic printing techniques are now available on the open market. 
Full gray-level rendering, however, still requires the use of optical 
photography. Rapid strides are being made in the development of dry- 
process photographic papers, Here microfilm-to-hard copy printing 
will benefit from the emphasis currently being placed on dry papers 
that can be sensitized from cathode ray tube displays, particularly 
those that have a low-level light output. Dry-process papers have 
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traditionally been insensitive (their ASA numbers have ranged from 
to l o p 2 ) ,but at least one dry silver paper with an ASA rating 
of approximately 1 is in the final product-development stage. 
As library users turn to on-line computers as look-up aids, they 
inevitably will expect rapid accessibility to the full text of documents. 
Guaranteeing delivery of full text in soft copy, film, or hard copy 
page form within a few tens of seconds at, or near, user consoles 
appears to be a valid goal for future library service, and the tech- 
nology for doing this now exists. Such a system might operate as fol- 
lows: a user seated at his computer console desires to see the full 
text of a document so he calls for the document by typing its identifying 
number. As a result, the document, which is stored on some form of 
microfilm, let us say microfiche, is automatically located in its storage 
device, the first page is automatically moved into position and elec- 
tronically scanned. The electrical image of the page is given the 
user’s station code and then transmitted oj7er a broadband transmission 
line to a viewing tube at the user’s location. The viewing tube captures 
the page image and holds it until the user calls for a new page. Should 
the user decide he wants a permanent rather than a transient (soft) 
copy, he may ask for a film strip of his document; a hard-copy print 
can be made from the film strip if he so desires, Typical times for 
these operations which have been demonstrated experimentally are: 
time to display first page of text on cathode ray tube, nine seconds, 
maximum; to display each succeeding page, five seconds each; to 
obtain a 35 m.m. film strip of a five-page journal article, ninety sec- 
onds; and hard copy printing from film, seven seconds per page. 
Although the above set of procedures has been demonstrated ex-
perimentally, practical design factors are presently preventing quick 
implementation of full-scale operational versions of such a system. 
For economical operation, the storage, retrieval, and electronic-scan 
equipment should be time-shared by all user stations. Automatic 
storage and retrieval devices which operate under computer control, 
provide the electronic scanning and transmission to a multiplicity of 
user stations, and accommodate any one of the several common types 
of microforms-roll film, fiche, cards, strips--are technologically 
feasible but unavailable as off -the-shelf items. Equipmcwt of this kind 
will be custom designed to individual specifications until uniform 
standards can be agreed upon and established. 
In order to minimize out-of-storage time of full trxt and to a\,oid 
long user queues, each microfilm frame should be scanncd only once. 
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Repetitive scanning, in the manner of conventional television, ties up 
material too long to permit achievement of guaranteed accessibility. 
For one-shot scanning, therefore, we are forced to a storage medium 
at each user terminal. Cathode ray storage tubes show excellent 
promise for this purpose but they need further improvements for the 
library application. Only three-quarter size pages ( approximately 6 
by 9 inches) can now be displayed, and resolution is, at best, 400 line 
pairs per page. This resolution is less by a factor of at  least three or 
four than minimum acceptable requirements for crisp, clear portrayal 
of text. 
In contrast, equipment for film terminals is in good shape. Sixty- 
second film development time is easy to achieve, and it is within the 
state of the art to cut this time by a factor of two or three if necessary. 
Since film terminals are substantially more expensive than storage 
tube display terminals, it is likely that a single film terminal will serve 
several user stations. 
Transmission of full text over wideband transmission lines imposes 
more economic than technological problems. Locally, textual images 
can be transmitted over distances of one-half mile or so simply by 
wiring the environment on a point-to-point basis with co-axial cable. 
Beyond that distance re-amplification of the signals is necessary to 
insure favorable signal-to-noise ratios. Signal routing through common- 
carrier telephone facilities is unnecessary if transmissions are confined 
within a private community, but for communication across public 
right of ways, either telephone facilities or privately-owned micro- 
wave links may be employed. Phone company facilities for long-dis- 
tance interurban transmission of wideband signals are operational 
or under active development. Bell Telephone’s T-1 carrier system for 
intercity communication under fifty miles digitizes all information 
prior to transmission and accommodates roughly 1.5 million bits of 
information per second. The T-1 carrier system is operational. An 
advanced system, T-2, for distances under 500 miles, will increase the 
transmission rate at  least threefold and should be operational in the 
early 1970’s. 
Optical character readers ( OCR’s) show promise as devices for 
digitally encoding printed alphanumeric materials. Their merit lies 
in their potential ability to encode faster and more accurately than 
keypunch operators. Their reading speed depends upon the particular 
piece of equipment, but may be as high as 2,000 characters per sec- 
ond. Multifont-reading capability is also possible, but the handling 
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of subscripts and superscripts poses a formidable problem. Because 
of the cost factor, it may be several years before OCR’s can compete 
economically with the manual-keypunching process. 
Interest in OCRs stems from their possible use for converting 
printed matter into digital form, Equally important is the digital en- 
coding of new material as it is generated. If one accepts the premise 
that printed documents will continue to exist in the foreseeable future, 
then a valid goal is to obtain a digitally encoded version of a docu- 
ment as a natural fallout at some point in the original document 
fabrication process. For example, the author might be expected to 
provide descriptive cataloging and subject indexing information upon 
submission of his manuscript for publication, or to furnish a digitally 
encoded version of his typewritten manuscript for automatic catalog- 
ing and indexing purposes, Alternatively, professional societies and 
book publishers might make available through their printers certain 
digitally encoded information as a natural by-product of a computer- 
controlled typesetting process, Beyond the fact that an inexpensive 
digital attachment to the common typewriter does not exist, it should 
be evident that important economic and social elements are involved 
in the direct procurement of digitized copy coincidently with docu- 
ment manufacture. These issues will, however, have to be resolved 
if large quantities of information are to flow inexpensively into the 
digital domain. 
Since, in the computer domain, information exists in electrical- 
signal form, it is naturally suited for transmission over wires and 
through space. In principle, therefore, it is unnecessary to duplicate 
digitized information at every library; each can specialize in a differ- 
ent field of information and each can draw on one another’s data 
bank through communication channels as requests occur. 
Figure 4 shows a network of three computers, at each of which 
five consoles are available. A user at each console may gain access 
to each computer through his local telephone switchboard. Connection 
between a switchboard and a geographically remote computer may 
be either on a dial-up basis or over a leased line, If several terminals 
in a cluster must share a single leased line, a possible queueing prob- 
lem can occur. Since each console terminal connects to three machines, 
the data format, the retrieval programs, and the manner of address- 
ing the machines must be either identical in order that only one 
set of procedures must be mastered, or the user population must 
learn separate procedures for engaging different machines. Thus, if 
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Figure 4. An Information-Transfer Network in which Each User Console 
is Connected Directly to Each Computer through a Telephone 
Switch 
the network configuration of Figure 4 is employed, standardization 
among information retrieval systems is of prime importance from 
the viewpoint of ease of operation. 
Figure 5 illustrates an information-transfer network configuration in 
which a local buffer computer is interposed between user and central 
computing facility. The buffer machine may serve to route requests 
to the proper central machine and to condition, or reformat, requests 
so that they will be recognizable in a heterogeneous machine environ- 
ment. Thus, in Figure 5, the buffer machines serve as message handlers 
or “information brokers” between the users and the main machines. 
1 
COMPUTER COMPUTER COMPUTER 
NO.1 N 0 . 2  NO. 3 
COMPUTER COMPUTER COMPUTER 
USER CONSOLES USER CONSOLES USER CONSOLES 
Figure 5. An Information-Transfer Network in which Each Console is 
Connected to the Main Computer through a Buffer Computer 
and a Telephone Switch 
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When a request for information is given to a buffer machine, it directs 
the request to the central computer which contains the information. 
In  the event the main machines are not identical and the information 
in each is formatted differently, the buffers also serve to reformat re- 
quests. These capabilities come, of course, at the expense of com-
plexity at  the buffer computer level, Note also in Figure 5 that single 
high data-rate lines are suggested rather than multiple low data-rate 
lines. 
A modification of the network shown in Figure 5 would permit 
local information retrieval to be handled directly by the local central 
machine. Only when requests must be filled by reaching out to an- 
other data base stored in a geographically remote machine would 
these requests be referred to the buffer machine. Thus the load on 
each buffer would be reduced by the amount of local traffic at each 
location. 
With respect to the telephone, there is no technical obstacle to the 
interconnecting of computers in any of the configurations illustrated. 
However, since leased lines are expensive and the alternative, on-
demand service, is subject to prolonged delays during peak telephone- 
load periods, it appears that approaches which minimize long distance 
communication will ultimately be preferred. 
AS yet, no exhaustive studies are available which resolve trade-offs 
among the various technological and economic factors involved in 
computer-library networks. hluch valuable information should be 
gained shortly, however, from a rather ambitious program now being 
sponsored by the Advanced Research Projects Agency ( ARPA) of the 
United States Government. ARPA is in the process of establishing a 
coast-to-coast computer communications network among several of its 
major contractors. The network, which should be at least partly oper- 
able by 1970, will link together an assortment of “multi-lingual” ma- 
chines on a time-sharing basis. Through this network valuable insights 
should be gained on matters pertaining to load sharing, inform at‘ ion 
transmission, and data sharing among machines that are geo-
graphically remote from one another. 
Information networks raise issues beyond those that are purely 
technological. The very existence of a library nctwork necessitates a 
commitment to the needs and requirements of the total population 
which the network seri’es. Such a commitment may be contrary to 
current policies of thc autonomous library. For exainple, the matter 
of priority in a queue of users seeking service is a delicate one. Do 
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local users have first call on locally stored information, or are all users 
in the net, local and remote, to be handled equally on a first-come 
first-served basis? Agreement must also be reached on the relative 
sizes of the data bases and computing facilities at the various nodes 
of the network, and these matters bear on others such as computer 
load sharing, computer and communications cost sharing, data base 
up-dating, and computer program maintenance and upgrading. 
In summary, a substantial body of computer, communication and 
microphotographic technologies are available for aiding business 
and informational-retrieval processes in libraries. Nevertheless much 
research and development work on new technologies must continue 
if the major functions of library systems are to be executed principally 
through the use of electronic equipments. 
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